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Description 



ASSIST CONTROL OF POWER ASSISTED 

VEHICLE 

Background of Invention 

[0001] This invention relates to a power assisted, manually oper- 
ated vehicle and more particularly to a control for the 
power assist that gives the operator a better feel in the 
vehicle operation. 

[0002] a wide variety of normally manually operated vehicles are 
provided with prime mover power assists. Preferably the 
amount of power assist is related to the amount of man- 
ual input force so that the user still receives exercise from 
the vehicle operation. The types of vehicles so assisted 
take many forms including, but not limited to, land vehi- 
cles such as wheeled vehicles like bicycles and 
wheelchairs. However the practice is not necessarily lim- 
ited to land vehicles but may also apply to light aircraft or 
water vehicles. 

[0003] Also the power assist may be provided by a variety of 



prime movers such as electric motors or internal combus- 
tion engines. The manual input may be from an operator's 
legs or arms and is generally applied through a device 
that is supported for movement about an axis such as a 
pedal or hand wheel. As a result of this the actual input 
force will vary cyclically even if the force applied by the 
user is or is intended to be constant. These variations are 
between zero force at top and bottom dead center posi- 
tions and vary generally sinusoidally in between thus 
magnifying the varying of the power assist. 

[0004] Also since with prior art type of devices the amount of as- 
sist is generally proportional to the input force measured, 
the power assist varies significantly during a single force 
application cycle. This results in inefficient power con- 
sumption by the assist device and a somewhat uncom- 
fortable feel to the operator or user. This will become 
more apparent when FIG. 5 is discussed during the De- 
tailed Description. 

[0005] a typical prior art device of this type is shown in Japanese 
Patent Publication Heill-171081, dated June 21, 1999. In 
addition to operating as discussed above and having the 
noted defects, this construction permits setting of the as- 
sist ratio depending on such factors as the user's age, his 



strength, the distance to be traveled and the amount of 
exercise desired. However like the prior art mentioned, 
the assist varies during each cycle of operation of the 
pedals so that the aforenoted problems are still present. 
[0006] it j therefore, is a principal object of this invention to pro- 
vide an improved power assisted vehicle where the power 
assist is related to the sensed manual force input, but 
where it is not varied to the full extent of cyclical varia- 
tions in input. 
Summary of Invention 

[0007] a first feature of this invention is adapted to be embodied 
in a power assisted, manually operated vehicle. The vehi- 
cle is comprised of a propulsion device for moving the ve- 
hicle along a terrain. A manual operator is provided that is 
adapted to receive a manual input force from an operator. 
A transmission operates the propulsion device from the 
force applied to the manual operator. A prime mover is 
also in driving relation with the propulsion device. A force 
sensor senses the force applied to the transmission from 
the manual operator. In accordance with the invention, an 
arithmetic calculator measures the variations in the force 
sensed by the force sensor and determines an assist force 
in operating the prime mover. 



[0008] Another feature of this invention is adapted to be embod- 
ied in a method of determining the amount of power as- 
sist for power assisted, manually operated vehicle as set 
forth in the preceding paragraph. In accordance with this 
feature of the invention, variations in the force sensed by 
the force sensor measured and the assist force for operat- 
ing the prime mover is determined by the calculator de- 
pending on the variations. 
Brief Description of Drawings 

[0009] FIG. 1 is a graphical view showing the variation in force 
and assist during a series of cycles and when climbing a 
hill in accordance with the invention and with the prior 
art. 

[0010] FIG. 2 is a view showing the actual force and its processed 
output in accordance with an embodiment of the inven- 
tion. 

[0011] FIG. 3 is a force diagram, in part similar to FIG. 2, but in 

accordance with another embodiment. 
[0012] FIG. 4 is a block diagram showing an embodiment of the 

invention. 

[0013] FIG. 5 is a series of graphical views showing the varying 
conditions in accordance with the invention (FIGS. 5A-5E) 
and in accordance with the prior art (FIGS. 5F and 5G). 



[0014] FIG. 6 is a block diagram showing the control routine in 

accordance with the invention. 
Detailed Description 

[0015] Before describing a structure embodying the invention, 
the theory and strategy employed will be first described 
by certain graphical views. As will become apparent, some 
of these views also include comparisons with the prior art. 

[0016] Referring first to FIG. 1 and as is discussed above, this is a 
graph illustrating the waveforms of the torque and the as- 
sist force of a power assisted bicycle according to the 
present invention. These are the waveforms under the 
condition when the bicycle is climbing a hill. It should be 
noted that the constructions and methods of operation 
described can be carried out with any of the power as- 
sisted manually powered vehicle types regardless of the 
type of vehicle or the type of assist device. However an 
electric motor assisted bicycle is utilized as an example 
for explanation. 

[0017] | n this figure, the curve "a" shown by a dotted line repre- 
sents the detected torque value generated by the pedaling 
force and detected by a torque sensor of any desired type. 
The curve "b" shown by a solid line represents the assist 
force generated by driving an electric motor based on the 



processed torque value obtained by the arithmetic pro- 
cessing performed according to a torque control method 
of the present invention. The curve "c" shown by a broken 
line represents the assist force applied with a conventional 
torque control method. 

[0018] As is seen from this graph, when the detected torque 

generated by the pedaling force (curve "a") is zero or very 
small at the bottom dead center, the conventional assist 
force (curve "c") is almost zero whereas the assist force 
according to the present invention (curve "b") is not zero, 
because assist force is continued to be applied. 

[0019] This means that since the variation of the driving current 
of the electric motor is reduced, the driving energy effi- 
ciency can be improved and the power consumption can 
be reduced. With the improvement of energy efficiency, 
the battery consumption can be reduced. This increases 
the service life of the battery and enables the bicycle to 
run a long distance on a little power. In addition, since as- 
sist force is kept applied even when the pedaling force 
becomes zero or very small, the rider will feel stable and 
have good ride feeling. 

[0020] The way this is done is shown graphically by FIG. 2 which 
is a graph illustrating the processed torque value accord- 



ing to the present invention. The curve "d" shown by a 
dotted line represents the detected torque value before 
the arithmetic processing and is generally the same as the 
curve "a" in FIG. 1. The curve "e" represents the processed 
torque value obtained by the arithmetic processing. 

[0021] The detected torque value (curve "d") periodically varies in 
synchronization with the pedaling force. The arithmetic 
processing on the detected torque is started when the de- 
tected torque value starts decreasing from its peak corre- 
sponding to the top dead center of the detected torque 
curve. In one example of applying this method, decreasing 
torque rates, decreases in the torque in a unit time de- 
pending upon the detected torque value are determined in 
advance. The decrease rates represent the descending 
gradients of the curve. 

[0022] The value is continually decreased by a decrease rate de- 
termined by the magnitude of the detection output (V) 
from the torque sensor at predetermined time intervals 
(ms). For example, when the detected torque value is 
high, the decrease rate (descending gradient) is kept 
small. When the detected torque value becomes low, the 
decrease rate is increased. A map corresponding to the 
detected torque values is produced in advance and the 



arithmetic processing is performed according to the map. 

[0023] As a result of this, the processed or resulting output 

torque curve (curve "e") descends gradually with a gentle 
gradient from a detected torque value. The detected 
torque value (curve "d") increases when the pedal passes 
the bottom dead center, When the detected torque value 
exceeds the processed torque value, the arithmetic pro- 
cessing is suspended (the processing amount is made 
zero) and the detected torque value is regarded as the 
processed torque value. As a result, the processed assist 
amount torque curve (curve "e") shown by a solid line is 
obtained. Thus it is possible to obtain a smoother perfor- 
mance and actually provide a lesser maximum torque out- 
put as seen from FIG. 1. Thus electrical power consump- 
tion is actually reduced. 

[0024] Based on the processed torque value, the driving current 
which provides a specified assist ratio to the processed 
torque is calculated, and the electric motor is driven by 
the current to obtain assist force, Since the processed 
torque is high when the pedaling force is at the bottom 
dead center position, assist force can be obtained even 
when the pedaling force is at the bottom dead center po- 
sition. 



[0025] FIG. 3 is a graph illustrating the processed torque is de- 
rived according to another embodiment of the invention. 
This in an example in which the arithmetic processing is 
performed also taking the vehicle speed into account. In 
this view, the curve "f" represents the vehicle speed. The 
curve "g" represents the detected torque value. The curve 
"h" represents the processed torque value. 

[0026] As is clear from the graph, when the vehicle speed is high, 
the decrease rate is increased to decrease the processed 
torque value. When the vehicle speed is low, the decrease 
rate is decreased to increase the processed torque value, 
Thus, high assist force can be generated when the bicycle 
is running a low speed such as when it is climbing a hill or 
just after starting whereas the assist force will be reduced 
to prevent excessive consumption of assisting energy 
when the vehicle speed is high. 

[0027] Having thus described two embodiments where a pro- 
cessed torque is obtained from the force sensor output to 
modify the amount of assist torque, a physical embodi- 
ment of the invention will be described by reference to 
FIG. 4. Again those skilled in the art should readily under- 
stand from the description that the invention can be em- 
ployed with a large variety of power assisted manually 



propelled vehicles. Bearing this in mind, FIG. 4 is a block 
diagram of a torque control device for a power assisted 
bicycle according to the present invention. 

[0028] The assist torque control device includes a torque sensor 
11, of any desired type, for detecting the manually input 
pedaling force, a controller 12 for calculating the driving 
current to drive an electric assist motor 13, also of any 
desired type such as a pulse width modulated motor 
based on the torque detected by the torque sensor 11. A 
motor driving circuit 14 is provided for powering the elec- 
tric motor 13 according to a driving signal from the con- 
troller 12. The circuit 14 includes a current detection cir- 
cuit (ampere meter) 15 for detecting the current in the 
motor 13, and an encoder 16 for detecting the rotational 
speed of the motor 13. 

[0029] The controller 12 is comprised of a CPU, by way of exam- 
ple, and has motor rotational speed calculating means 17 
having a software program or a hardware circuit pro- 
grammed in advance. The CPU also has a vehicle speed 
calculating circuit 18, torque sensor value processing cir- 
cuit 19, a torque current calculating circuit 21, and a duty 
calculating circuit 22. 

[0030] The pedaling force detected by the torque sensor 11 dur- 



ing running is arithmetically processed in the torque sen- 
sor value processing filter 22 based on the detected 
torque in accordance with one of the methods already de- 
scribed and the vehicle speed. The vehicle speed is calcu- 
lated by the motor rotational speed calculating means 17 
and the vehicle speed calculating means 18 based on a 
pulse signal from the encoder 16 and inputted into the 
processing filter means 19 in the controller 12. 

[0031] The processed torque value is inputted into the torque 
current calculating means 21, which calculates a current 
instruction value according to the processed torque, 
Based on the current instruction value, the duty calculat- 
ing means 22 calculates a duty ratio of a driving pulse. 
The driving pulse is inputted into the motor driving circuit 
14 as a PWM output to drive the motor 13. The driving 
current of the motor 13 is detected by the current detec- 
tion circuit 15 and provided to the duty calculating circuit 
22 for feedback control. 

[0032] As has been noted in the brief description of these fig- 
ures, FIG. 5(A) to FIG. 5(E) illustrate the signal waveforms 
and these are determined at the positions A to E, respec- 
tively, in FIG. 4. As has also been noted in the brief de- 
scription, FIG. 5(F) and FIG. 5(G) illustrate conventional 



signal waveforms that would occur at the positions F" and 
G, respectively, in FIG. 4 for reference purpose. Specifi- 
cally, FIG. 5(A) illustrates the waveform of the observed 
pedaling force which varies periodically in synchronization 
with the rotation of the pedal. FIG. 5(B) illustrates the 
waveform of the detected torque generated by the pedal- 
ing force and detected by the torque sensor 11. The de- 
tected torque varies periodically with large amplitude in 
synchronization with the pedaling force, as shown in FIG. 
5(A). 

[0033] FIG. 5(D) illustrates the waveform of the processed torque 
obtained by the arithmetic processing in the processing 
filter means 22. The dotted line shows the torque before 
the processing, which has the same waveform as the curve 
shown in FIG. 5(B). By the processing, the curve, including 
the values at the bottom dead center, is shifted to the 
high torque side without shifting the torque at the top 
dead center and the variation becomes smaller. Thus the 
feel to the user is improved and power consumption is re- 
duced at the same time. 

[0034] FIG. 5(C) illustrates the waveform of the driving current of 
the motor 13. The variation of the driving current is small 
in accordance with the processed torque value as com- 



pared with the conventional curve of FIG. 5(F). FIG. 5(E) il- 
lustrates the waveform of the motor torque. The low 
torque side parts of the curve are shifted to the high 
torque side in accordance with the current waveform 
shown in FIG. 5(C) and the variation is smaller as a whole 
than that of the conventional curve shown in FIG. 5(G). 

[0035] The control routine by which the controller 12 of the sys- 
tem shown in FIG. 4 provides the processed torque value 
shown in FIG. 5(C) will now be described by reference to 
FIG. 6. The routine is repeated by the CPU of the controller 
12 shown in FIG. 4 at predetermined time intervals (a few 
ms, for example). The operation as follows. 

[0036] After Start at step SI, it is determined whether the de- 
tected torque voltage is the peak voltage. This is to per- 
form an arithmetic processing to make the gradient at the 
time when the torque voltage decreases from its peak less 
steep to increase the torque value. The judgment is made 
by analyzing the waveform of the output voltage data 
from the torque sensor 11, for example. If the detected 
torque voltage is the peak voltage, the process goes to 
step S2. Otherwise, the process goes to step S3. 

[0037] |f t he process moves to the step S2 to set the peak voltage 
when the voltage is sensed to decrease. Then the last 



voltage before the peak is set as the peak voltage at the 
step S2. 

[0038] if a t the step SI the voltage is not equal to the peak volt- 
age set at the step S2, the program moves to the step S3 
while the detected torque voltage is decreasing from the 
peak (while the processing routine is repeated at prede- 
termined intervals of a few ms). At the step S3 it is judged 
whether the detected torque exceeds the previous pro- 
cessed torque. If the detected torque exceeds the pro- 
cessed torque (at the time at the point K in FIG 2) , the 
processing operation is suspended and the routine is ter- 
minated. 

[0039] However if at the step S3 if the detected torque is lower 
than the processed torque, the process goes to step 54 if 
this is the first processing routine after a peak. At the step 
S4, it is judged whether a predetermined period of time 
has elapsed since the start of the processing. The prede- 
termined period of time is stored in a non-volatile mem- 
ory 22. When the predetermined period of time has 
elapsed, the processing operation is suspended and the 
routine is terminated. This is to eliminate a state where a 
processed torque value obtained by the arithmetic pro- 
cessing is maintained and assist force is kept supplied 



from the electric motor even after the pedals have been 
stopped and the torque has become zero within a short 
period of time. The assist force from the electric motor 
can be thereby shut down and the bicycle can be returned 
to the normal running mode immediately after the pedals 
are stopped and the torque becomes zero. Thus, since the 
braking force necessary to stop the bicycle can be pre- 
vented from being increased by the assist force and the 
bicycle can be stopped with a proper braking force, the 
rider can have a stable and comfortable bicycle ride. 

[0040] |f however at the step S4 the predetermined time period 
has not run, the processing operation is continued and 
moves to the Step S5 where a decrease rate is calculated 
based on the current detected torque value, In this case, 
the functional equation between the detected torque value 
and the decrease rate is stored in advance in the non- 
volatile memory 23 as a one-dimensional map. The cur- 
rent torque sensor value is read out from a RAM 24 into 
which the output data from the torque sensor have been 
written. The non-volatile memory 23 and the RAM 24 can 
be provided in the processing filter means 19 in the con- 
troller 12 shown in FIG. 4. 

[0041] Th e program then moves to the step S6 where the de- 



tected torque sensor value is arithmetically processed ac- 
cording to the map in step S5. This arithmetic processing 
is performed by the processing filter means 19 shown in 
FIG.4. 

[0042] Then if in accordance with the method that also utilizes 

vehicle speed as described by reference to FIG. 3, the pro- 
gram moves to the step S7. At this step, the processing 
filter means 22 shown in FIG, 4 calculates a decrease rate 
based on the current vehicle speed. The relational expres- 
sion between the vehicle speed and the decrease rate is 
determined as a map of the rate between the torque value 
processed based on the detected torque calculated in step 
S6 and the detected torque before the processing. The 
processing amount can be thereby adjusted based on the 
vehicle speed. The map is read out from the non-volatile 
memory 23 and the current vehicle speed is read out from 
the RAM 24. 

[0043] Then the program moves to the step S8 where arithmetic 
processing is performed based on the map in step S7 to 
process the detected torque value processed in the step 
S6 to obtain a processed torque value. The program then 
repeats. 

[0044] Thus from the foregoing description it should be readily 



apparent that the described methods and apparatus that 
the gradient of the detected torque curve is changed ac- 
cording to the torque and the torque curve is changed in 
shape into a processed torque curve . Since the driving 
current of the electric motor is calculated based on the 
processed torque curve, the torque at the bottom dead 
center can be increased without decreasing the detected 
torque at the top dead center. Since the periodic variation 
in the detected torque value is thereby reduced and the 
variation of the driving current of the electric motor can 
be reduced, the driving energy efficiency can be improved 
and the power consumption can be reduced. With the im- 
provement of energy efficiency, the battery consumption 
can be reduced. This increases the service life of the bat- 
tery and enables the vehicle to run a long distance on a 
little electric power. In addition, since assist force is kept 
applied even when the pedaling force becomes zero or 
very small, the rider can constantly feel stable and power- 
ful assist force during running and have good ride feeling. 
In addition, the decrease rates may be changed based on 
the vehicle speed. When the vehicle speed is low, the de- 
crease rates are decreased to maintain the processed 
torque curve on the high torque side, When the vehicle 



speed is high, the decrease rates are increased to reduce 
the assist force, Thus, large assist force can be generated 
when the bicycle is running at a low speed such as when it 
is climbing a hill or just after starting, and the assist force 
is reduced to prevent consumption of excessive assist en- 
ergy when the bicycle is running at a high speed. 
[0045] of course those skilled in the art will readily understand 
that the described embodiments are only exemplary of 
forms that the invention may take and that various 
changes and modifications may be made without depart- 
ing from the spirit and scope of the invention, as defined 
by the appended claims. 



